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leehnical  assistance  was  provided  by  the  engine  manufacturer,  Detroit  Diesel  Allison 
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ABSTRACT 


The  United  States  Army  Aviation  Systems  Test  Activity  conducted  a  limited 
performance  and  handling  qualities  evaluation  of  the  Bell  Helicopter  Company 
model  OII-58A  helicopter  with  an  Allison  250-C20  engine  installed.  The  evaluation 
was  conducted  at  I  dwards  Air  Force  Base,  and  Bishop,  California,  during  the  period 
22  September  1971  to  7  January  1972.  Twenty-five  flights,  21.2  productive  test 
hours,  were  required  for  the  evaluation.  Test  results  obtained  with  the  Allison 
250-C20  engine  were  compared  with  those  previously  obtained  with  the  standard 
T63-A-700  engine.  The  pr'mary  performance  improvement  noted  was  an  increase 
in  out-of-ground-effect  hover  ceiling  at  a  3000-pound  gross  weight  to  10,000  feet 
from  4600  feet  The  long-range  cruise  airspeed  was  increased  to  1 1 1  knots  true 
airspeed  from  104  knots  true  airspeed  at  a  5000-foot  density  altitude  and  a 
3000-pound  gross  weight  The  increased  engine  power  did  not  significantly  increase 
the  service  ceiling  over  the  basic  OII-58A  at  identical  gross  weights.  One 
shortcoming,  insufficient  left  directional  control  at  35  knots  true  airspeed  in  right 
sideward  flight,  was  noted.  Within  the  scope  of  the  test,  the  performance  of  the 
OII-58A  helicopter  with  the  Allison  250-C20  engine  was  improved  over  the  basic 
OH-58A  helicopter  Handling  qualities  were  essentially  unchanged. 
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INTRODUCTION 


IIACKCliOIIM) 

I  The  250-C20  gas  turbine  engine  is  a  growth  version  of  the  T63-A-700  engine 
manufactured  by  tlie  Detroit  Diesel  Allison  Division  of  General  Motors 
(  orporation.  I  ngineering  (light  tests  of  the  Bell  Helicopter  Company  model 
OII-58A  helicopter  with  the  T63-A700  engine  were  previously  conducted  by  the 
United  States  Army  Aviation  Systems  Test  Activity  (USAASTA)  (refs  I  and  2, 
app  A)  The  United  States  Army  Aviation  Systems  Command  (AVSCOM)  directed 
USAASTA  to  conduct  an  evaluation  of  the  OH-58A  helicopter  with  the 
250-C20  engine  installed  (refs  3  and  4) 


TEST  OBJECTIVE 

2  I  lie  objective  of  this  test  was  to  evaluate  the  performance  and  handling 
qualities  of  the  OII-58A  helicopter  with  an  Allison  250-C20  engine  installed. 


IHvSCKtmOlN 

3.  The  OII-58A  is  a  single-main-rotor,  turbine-powered,  light  observation 
helicopter,  manufactured  by  Bell  Helicopter  Company,  fort  Worth,  Texas  The 
main  rotor  is  a  two-bladed,  semirigid,  teetering  type;  and  the  tail  rotor  is  a 
two-bladed,  semirigid,  delta-three  hinge  type  The  cockpit  configuration  is  two  place 
(pilot  and  copilot/obscrver),  and  the  cargo  compartment  has  provisions  for  seating 
two  passengers.  Dual  flight  controls  are  provided  with  cyclic  and  collective  controls 
boosted,  and  the  tail  rotor  controls  unboosted.  The  main  landing  gear  is  a  fixed, 
energy-absorbing,  skid  type.  F’or  this  testing,  the  helicopter  was  powered  by  an 
Allison  250-C20  free  gas  turbine  engine  with  a  military  rated  power  of  400  shaft 
horsepower  (slip)  derated  to  the  transmission  power  limit  of  270  slip  (maximum 
continuous)  with  a  takeoff  power  limit  of  317  slip  (5  minutes).  A  detailed 
description  of  the  OII-58A  helicopter  is  contained  in  the  operator's  manual  (ref  5, 
app  A). 


SCOPE  OK  TEST 


4  I  light  testing  of  the  OII-58A  helicopter  with  the  250-C20  engine  installed 
was  conducted  at  I  dwards  Air  force  Base,  and  Bishop,  California,  during  the 
period  22  September  1971  through  7  January  1972  by  USAASTA  personnel. 
Twenty-five  test  flights  consisting  of  21.2  productive  hours  were  conducted  under 
the  conditions  listed  in  table  I. 


Rotor  speed:  354  rpm. 

Out  of  ground  effect  (50-foot  skid  height) 
In  ground  effect  (4-foot  skid  height). 
Knots  true  airspeed. 


5.  Test  results  were  compared  to  those  previously  reported  for  the  OH-58A 
helicopter  with  the  T63-A-700  engine  (refs  I  and  2,  app  A).  Flight  limitations 
contained  in  the  operator's  manual  (ref  5)  and  the  safety-of-flight  release  (app  B) 
were  observed  during  the  test. 


METHODS  OF  TEST 

(\  I  light  test  methods  used  arc  briefly  described  in  the  Results  and  Discussion 
section  of  this  report  Performance  data  were  manually  recorded  from  cockpit 
instrumentation.  All  performance  data  are  based  on  specification  engine 
performance  (ref  6,  app  A)  adjusted  for  T63-A-700  installation  losses  (ref  I). 
I  lying  qualities  data  were  recorded  by  an  oscillograph  located  in  the  eargo/passenger 
compartment.  A  detailed  list  of  test  instrumentation  is  contained  in  appendix  C 


CHKONOLOC.Y 

7  The  chronology  of  the  OH-58A  helicopter  with  Allison  250-C20  engine 
evaluation  is  as  follows' 


Test  directive  received 

24 

June 

1971 

Allison  250-C20  engine  installed 

16 

September 

1971 

1  light  tests  started 

22 

September 

1971 

Flight  tests  completed 

7 

January 

1972 

\ 
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RESULTS  AND  DISCUSSION 


GENERAL 

8.  A  limited  performance  and  handling  qualities  evaluation  of  the  OH-58A 
helicopter  with  an  Allison  250-C20  engine  installed  was  conducted  by  the 
United  States  Army  Aviation  Systems  Test  Activity  personnel.  Performance  testing 
included  hover,  level  flight,  and  climb  performance.  Handling  qualities  were 
evaluated  during  sideward  flight,  forward  flight,  and  autorotational  entries.  Primary 
performance  improvement  over  the  standard  T63-A-700  engine  was  an  increase  in 
out-of-ground-cffect  hover  ceiling  to  10,000  feet  from  4600  feet.  The  specific 
range  was  essentially  unchanged,  but  there  was  an  increase  of  the  long-range  cruise 
airspeed  to  1 1  I  knots  true  airspeed  from  104  knots  true  airspeed  at  a  5000-foot 
density  altitude  and  a  3000-pound  gross  weight.  The  climb  capability  of  the  aircraft 
was  not  limited  by  engine  power  available.  Instead,  an  apparent  maximum  rotor 
thrust  limit  which  occurred  at  a  6800-foot  density  altitude,  a  3150-pound  gross 
weight,  and  a  thrust  coefficient  of  0.00531  prevented  climbing  to  higher  altitudes. 
One  shortcoming,  insufficient  left  directional  control  at  35  knots  tme  airspeed 
in  right  sideward  flight,  was  noted.  Within  the  scope  of  the  test,  the  performance 
of  the  OII-58A  helicopter  with  the  Allison  250-C20  engine  was  improved  over 
the  basic  OH-58A  helicopter,  while  handling  qualities  were  essentially  unchanged. 


PERFORMANCE 

9.  Performance  testing  of  the  OH-58A  helicopter  with  the  Allison  250-C20  engine 
was  conducted  a»  a  hover,  in  level  flight,  and  in  climbs.  Performance  test  results 
were  compared  to  results  obtained  with  the  previously  tested  T63-A-700  engine. 
The  out-of-ground-cffect  (OGE)  hover  ceiling  was  increased  to  10,000  feet  from 
4600  feet.  The  specific  range  was  essentially  unchanged,  but  there  was  an  increase 
of  the  long-range  cruise  airspeed  to  1 1  1  KTAS  from  104  KTAS  at  a  5000-foot 
density  altitude  and  a  3000-pound  gross  weight.  A  service  ceiling  of  16,800  feet 
at  a  3200-pound  gross  weight  was  obtained  during  climb  testing.  Within  the  scope 
of  the  test,  the  performance  characteristics  of  the  OH-58A  helicopter  with  |hc 
Allison  250-C20  engine  are  improved  over  the  basic  OH-58A  helicopter. 

Hover  Performance 


10.  Hover  performance  tests  were  conducted  at  skid  heights  of  4  feet  in  ground 
effect  (IGF),  and  50  feet  OGE  under  the  conditions  shown  in  table  1.  The 
tree-flight  hover  method  was  used  to  determine  hover  performance.  Skid  height 
was  measured  by  visual  reference  to  a  measured  weighted  cord  attached  to  the 
right  skid  Incremental  amounts  of  ballast  were  added  to  the  helicopter  until  either 
the  engine  temperature  or  transmission  power  limit  was  reached.  Test  results  are 
presented  in  figures  1  and  2,  appendix  D. 
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II.  A  comparison  of  the  standard-day  hover  performance  with  the  250-C20  and 
I63-A-700  engine  is  presented  as  figure  A.  The  OH-58A  with  the  250-C20  engine 
installed  had  an  increase  in  OGF  hover  ceiling  to  10.000  feet  from  4600  feet  at 
a  gross  weight  of  3000  pounds.  The  increased  hover  performance  of  the  OH-53\ 
with  the  250-C20  engine  enhances  its  operational  capability.  Within  the  scope  of 
the  test,  the  hover  performance  of  the  OH-58A  helicopter  with  the  250-C20  engine 
is  unproved  over  the  basic  OII-58A  helicopter. 

Level  flight  Performance 

I  2.  Level  Right  performance  tests  were  conducted  to  determine  power  required 
and  associated  fuel  Row  as  a  function  of  airspeed.  In  addition,  specific  range, 
long-range  cruise  airspeed,  and  maximum  airspeed  in  level  night  were  determined, 
lest  conditions  are  presented  in  table  I.  Data  were  obtained  in  stabilized 
coordinated  level  Right  using  the  referred  gross  weight  method  of  test.  Test  results 
are  presented  in  figures  3  through  6,  appendix  D  Level  Right  range  summaries 
are  presented  as  figures  7  through  9.  For  altitudes  at  sea  level,  5000,  and 
10.000  feet,  long-range  cruise  airspeed  increased  for  the  250-f 20  engine.  There 
was  essentially  no  change  in  the  specific  range.  Within  the  scope  of  this  test  the 
level  flight  performance  of  the  011-58 A  helicopter  with  the  250-C20  engine  is 
improved  over  the  basic  OII-58A  helicopter. 

Climb  Performance 

13.  Continuous  climbs  were  conducted  from  a  1200-foot  density  altitude  to  the 
service  ceiling  under  the  conditions  listed  in  table  I.  The  climb  airspeeds  used 
were  determined  from  previous  climb  tests  (ref  1,  app  A).  Test  results  are  presented 
m  figure  10,  appendix  D. 

14  An  abrupt  reduction  in  the  rate  of  climb  accompanied  by  intense  airframe 
vibrations  was  noted  above  a  density  altitude  of  ! 6,000  feet.  Attempts  to  increase 
the  rate  of  climb  at  the  service  ceiling  of  16,800  feet  by  varying  airspeed  from 
the  scheduled  34  knots  indicated  airspeed  (KIAS)  had  no  effect  except  that 
vibrations  increased  markedly  at  higher  airspeed  followed  by  immediate  altitude 
losses.  At  slower  airspeeds  the  vibrations  decreased,  but  again  the  helicopter  lost 
altitude.  The  sharp  decrease  in  rate  of  climb  and  the  vibrations  encountered  are 
attributed  to  an  apparent  rotor  thrust  limit  which  occurred  at  a  16,800-foot  density 
altitude,  a  3150-pound  gross  weight,  and  a  Cy  of  0.00531.  Despite  an  increase 
in  power  available  with  the  250-C20  engine,  the  service  ceiling  is  not  significantly 
increased  over  the  basic  OII-58A  at  identical  gross  weights. 
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PRESSURE  AUTtTUiJt  rvFT 


rmr'iTV 


HANDLING  OUAl.iTIKS 


General 

15  A  limited  handling  qualities  evaluation  of  tlu*  OII-58A  helicopter  with  the 
Allison  250  (  20  engine  was  eoiulueled  under  day  visiial-fiight-rules  conditions 
Sideward  flight,  forward  flight,  and  autorotational  entries  were  conducted  and  the 
results  were  compared  to  those  obtained  with  the  standard  T63-A-700  engine.  One 
shortcoming,  insufficient  left  pedal  at  35  knots  true  airspeed  in  right  sideward 
(light,  was  noted  Within  the  scope  of  this  test,  the  handling  qualities  of  the  OII-58A 
helicopter  with  the  Allison  250-G20  engine  were  essentially  unchanged  from  the 
basic  OII-58A  helicopter. 

Sideward  flight  Characteristics 

lb.  Sideward  flight  characteristics  were  evaluated  at  the  conditions  shown  in 
table  I  Wind  azimuths  at  45,  90,  and  135  degrees  relative  to  the  nose  of  the 
helicopter  were  used.  These  azimuths  were  considered  critical  due  to  previous  data 
contained  in  reference  2.  appendix  A.  Test  results  arc  presented  in  figure  1 1 
appendix  I). 

17.  Previous  right  sideward  High t  test  at  a  Cj  of  0  00343  resulted  in  a  left  pedal 
margin  of  5  percent  at  35  KTAS  (ref  2,  app  A)  Results  of  tests  with  the  250-C20 
engine  showed  that  at  35  KTAS,  the  directional  control  margin  rapidly  diminished 
with  increased  Cy's.  In  35-KTAS  right  sideward  flight  at  a  Cj  of  0  00392.  the 
directional  control  margin  was  reduced  to  less  than  2  percent  Although  aircraft 
control  could  he  maintained,  there  was  not  sufficient  left  directional  control  to 
counteract  a  lateral  gust  disturbance  However,  at  30  KTAS.  at  least  a  12-perccnt 
directional  control  margin  remained.  Directional  control  in  35-KTAS  right  sideward 
lliglit  tailed  to  meet  the  requirements  of  paragraph  3.3.4  of  Ml  L-l  1-850 1 A 
Insufficient  left  directional  control  in  35-KTAS  right  sideward  High  is  a 
shortcoming. 

Control  Positions  in  Trimmed  Forward  Flight 

IK.  Control  positions  in  trimmed  forward  flight  were  evaluated  from  32  to 
103  knots  calibrated  airspeed  under  the  conditions  shown  in  table  I  Test  results 
are  presented  in  figures  12  and  13,  appendix  D  For  all  test  conditions,  increasing 
forward  longitudinal  control  movement  was  required  for  increased  trim  speed.  The 
variation  in  longitudinal  control  position  betw  en  autorotations  and 
maximum-power  climbs  was  approximately  1.2  inches. 

19  Directional  and  lateral  control  positions  varied  less  than  I  inch  for  j  given 
configuration  throughout  the  airspeed  range  tested.  No  significant  variation  in 
directional  or  lateral  control  positions  was  noted  when  transitioning  from  a 
maximum-power  climb  to  an  autorotation.  The  requirements  of  paragraphs  3  2. 1 0  2 
and  3.3.17  of  M I  L-l  1-850 1 A  (ref  7,  app  A)  were  met.  Within  the  scope  of  the 
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test,  the  control  position  characteristics  of  the  OH-58A  helicopter  with  the  250-T20 
engine  are  essentially  unchanged  from  the  basic  OH-58A  helicopter. 

Collective  hi \cri  Static  l.oiigitiidiunl  Stability 

20  Collective-fixed  static  longitudinal  stability  was  evaluated  under  the  conditions 
listed  in  table  I  The  tests  were  conducted  by  initially  trimming  the  helicopter 
at  the  desired  airspeed  and  then  stabilizing  at  slower  and  faster  airspeeds  while 
holding  constant  collective  pitch.  Test  results  arc  presented  in  figure  14 
appendix  I) 

21  For  the  configurations  tested,  the  aircraft  possessed  static  longitudinal  stability 
as  evidenced  by  forward  longitudinal  control  displacement  for  increased  airspeed 
and  aft  longitudinal  control  displacement  for  decreased  airspeed  from  trim.  Within 
the  scope  of  the  test,  the  collective-fixed  static  longitudinal  stability  of  the  OII-58A 
helicopter  with  the  250-C20  engine  is  essentially  unchanged  from  t lie  basic  OII-58A 
helicopter. 

\i itorotat ionol  Characteristics 

22.  I  lie  response  of  the  helicopter  to  simulated  sudden  engine  failures  was 
evaluated  under  the  conditions  shown  in  table  I.  The  aircraft  was  tnmmed  in 
balanced  flight  and  with  the  controls  fixed,  the  throttle  was  rapidly  retarded  to 
the  llight-idlc  position  (throttle  chop).  Recoveries  were  initiated  at  a  minimum 
rotor  speed  of  304  rpm,  a  maximum  pitch  attitude  of  30  degrees,  or  a  maximum 
roll  attitude  of  45  degrees.  Test  results  are  presented  in  figures  15  and  16, 
appendix  I).  A  true  sudden  engine  failure  could  not  be  simulated  by  rapidly  closing 
the  throttle  since  the  fuel  control  limited  the  engine  deceleration.  An  engine  torque 
decay  time  constant  (time  to  63  percent  of  initial  value)  of  I .  I  second  was 
measured  for  the  250-C20  engine,  compared  to  a  time  constant  of  0.6  second 
for  the  T63-A-700  engine  As  a  result  of  the  larger  engine  torque  decay  time 
constant,  the  rate  of  rotor  decay  and  aircraft  reactions  were  not  as  great  as  those 
previously  tested  with  the  T63-A-700  engine  (figs.  15  and  16).  To  determine  the 
rate  of  rotor  decay  for  a  sudden  engine  failure,  an  analytical  method  was  used 
with  a  time  constant  of  zero.  I)v  assuming  that  the  power  coefficients  (Cp's)  before 
and  after  the  throttle  chop  are  equal,  the  following  equation  for  rate  of  rotor 
decay  can  he  derived 


mu  i  t  ■  u  .  r  .  . 

—  =  rate  of  rotor  decay 

I  =  main  rotor  inertia 
t  =  time  after  engine  failure 
Qo  =  initial  main  rotor  speed 
Qo  =  initial  main  rotor  torque 

This  equation  was  solved  for  dQ/dt  at  the  following: 
t  =  1  second 
I  =  607  s lug/ ft 2 
Qo  =  354  rev/min 

Qo  =  from  1881  ft-lb  to  4703  ft-lb 


The  results  of  this  analysis  show  that  at  100-percent  main  rotor  torque  a  main 
rotor  decay  rate  of  50  rpm  per  second  (rpm/see)  would  he  encountered,  compared 
to  a  measured  main  rotor  decay  rate  of  23  rpm/sec  (figs  15  and  16).  This  decay 
rate  would  not  allow  a  2-second  delay  before  lowering  the  collective  as  specified 
in  paragraph  3  5.5  of  Mil  -1 1850 1 A  for  a  minimum  transient  rotor  speed  of 
304  rpm.  No  attempt  was  made  to  calculate  the  ni  ignitud '  of  the  aircraft  reactions 
lor  a  sudden  engine  failure,  however,  they  would  be  greater  than  those  measured 

23  The  reaction  of  the  helicopter  following  the  throttle  chop  was  a  slight  nose-up 
pitch  during  the  first  second  followed  by  a  substantial  nose-down  pitching  motion 
In  addition,  a  left  roll  and  left  yaw  were  observed  in  all  instances,  The  roll  rate 
increased  with  increasing  forward  airspeed,  while  the  yaw  rate  decreased  as  airspeed 
was  increased.  Control  effectiveness  during  the  recovery  phase  was  adequate  to 
avoid  unsafe  rates,  attitudes,  or  airspeeds.  The  aircraft  responses  to  sudden  engine 
failure  with  the  25O-C20  engine  were  similar  to  those  previously  observed  with 
the  basic  OH-58A  helicopter 
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MISCKIiliANKOUS  TKSTS 


Famine  Charaelcristics 

24  I  ngino  characteristics  of  the  250-C20  engine  to  include  fuel  How  and  power 
available  were  determined  from  the  engine  manufacturer's  specifications  (rot  6. 
app  A)  A  comparison  of  the  power  available  for  the  250-C20  and  the  T63-A-700 
engine  is  presented  in  figure  I  7,  appendix  D.  i-ngine  fuel-flow  data  for  the  25CK  20 
engine  are  presented  in  figure  18.  Inlet  and  exhaust  losses  were  determined  from 
data  previously  obtained  with  the  T63-A-700  engine  (ref  I,  app  A). 

Kiijrino  (ioverning  Characteristic* 

25  Static  and  dynamic  droop  characteristics  of  the  ?50-(  20  engine  governor  were 
evaluated  under  the  conditions  listed  in  table  I.  Static  tests  were  conducted  by 
trimming  the  helicopter  at  103-percent  power  turbine  speed  (N2),  and  incrementally 
lowering  and  raising  the  collective.  Dynamic  characteristics  were  evaluated  by 
rapidly  moving  the  collective  between  maximum-power  and  minimum-power 
settings  lest  results  are  presented  in  table  2  and  figure  B. 


Table  2.  Dynamic  Droop  Characteristics  in  Level  Flight  at  80  KCAS.1 


Steady-State 

Steady-State 

Transient 

Test  Condition 

Engine  Torque 

Rotor  Speed 

Rotor  Speed 

(psi)2 

(rpm) 

(rpm) 

Trim 

63 

354 

_  _ 

to 

to 

to 

down  collective 

21 

361 

367  (max) 

Trim 

21 

361 

— 

to 

to 

to 

up  collective 

64 

353 

345  (min) 

'OH-58  helicopter  with  Allison  250-C20  engine. 
"Pounds  per  square  inch. 


26.  Kotor  speed  during  the  engine  governing  systems  tests  did  not  exceed  the 
output  shaft  speed  limit.  A  12-rpm  underspeed  occurred  during  full-up  collective 
positioning,  but  was  not  considered  a  critical  factor.  Within  the  scope  of  this  test, 
the  engine  governing  characteristics  of  the  250-C20  engine  are  satisfactory  for  Army 


CONCLUSIONS 


C.KNF.KAI, 


27,  The  following  conclusions  were  reached  upon  completion  of  testing 

a.  Within  the  scope  of  this  test,  the  performance  of  the  OH-58A  helicopter 
with  the  Allison  250-C20  engine  was  improved  over  the  basic  OH-58A  helicopter, 
while  handling  qualities  were  essentially  unchanged  (para  8), 

h.  The  out-of-ground-cffcct  hover  ceiling  at  a  3000-pound  gross  weight  was 
increased  to  10,000  feet  from  4600  feet  (para  11). 

c.  The  long-range  cniise  airspeed  was  increased  to  111  knots  calibrated 
airspeed  from  104  knots  calibrated  airspeed  (para  12). 

d.  The  increased  engine  power  did  not  significantly  increase  the  service 
ceiling  over  the  basic  OH-58A  at  identical  gross  weights  (para  14). 

e.  One  shortcoming  was  noted. 


SIIORTCOMJNC  AFFECTING  MISSION  ACCOMPLISHMENT 

28.  Insufficient  left  directional  control  at  35  KTAS  in  right  sideward  flight  is 
a  shortcoming,  correction  of  which  is  desirable  (para  17). 


SPECIFICATION  COMPLIANCE 

29.  Within  the  scope  of  this  test,  the  OH-58A  helicopter  with  the  250-C20  engine 
failed  to  meet  paragraph  3.3.4  of  military  specification  M1L-H-8501A,  in  that 
insufficient  left  directional  control  was  available  during  35-KTAS  right  sideward 
flight  (para  17) 

30  A  sudden  engine  failure  at  maximum  torque  would  not  meet  paragraph  3.5.5 
ot  military  specification  MIL-H-850IA,  in  that  collective  delay  would  be  less  than 
I  second  (para  22). 
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RECOMMENDATIONS 


31  I  he  shortcoming,  correction  of  winch  is  desirable,  should  be  corrected  as  soon 
as  possible 

32.  Hie  test  results  should  be  incorporated  in  the  operator's  manual  if  the  OM-58A 
helicopter  with  the  250-C20  engine  is  released  for  operational  use. 


1 
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AMSAV-EF 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  AVIATION  SYSTEMS  COMMAND 
PO  BOX  209,  ST.  LOUIS,  MO  63W6 


SUBJECT:  Safety  of  Flight  Release  for  USAAVSCOM/USAASTA 
Project  No.  71-24 


12  Al 


Commanding  Officer 
U.S.  Army  Aviation 
Systems  Test  Activity 
ATTN :  SAVTE-P 


1.  This  letter  constitutes  a  safety  of  flight  release,  in  accordance 
with  AMCR  70-33,  for  USAASTA  to  conduct  USAAVSCOM/USAASTA  Project 
No.  71-24,  Evaluation  of  the  Allison  250-C20  Engine  in  the  OH-58A 
Helicopter. 

2.  The  flight  envelope  and  operating  limitations  for  conduct  of 
Project  No.  71-24  shall  be  in  accordance  with  the  TM55-1520-228-10, 
OH-58A  Operators  Manual,  except  as  noted  below: 

a.  Instrument  Markings 

(1)  Engine  Oil  Pressure  Module 

Double  green  arc 
Single  green  arc 
Yellow  arc 
Red  line  at 

(2)  Torquemeter 

Red  line  at 
Yellow  arc 
Green  arc 

(3)  Gas  Produce  Tach 

Green  arc 
Red  line  at 


115  -  130  psig 
90  -  115  psig 
50  -  90  psig 
50  psig 


74  3  psig  -  max 

63.0  -  74.3  psig  -  5  min.  oper 
0  -  63.0  psig  -  continuous  oper 


60%  -  104% 
104%  -  max 


NOTE: 

Transient  Limit  105%  (max  of  15  sec) 
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AMSAV-EF 

SUBJECT:  Safety  of  Flight  Release  for  USAAVSCOM/USAASTA 
Project  No.  71-24 

(4)  Turbine  Outlet  Temperature 

Red  line  at  793°C 


Yellow  arc  737°C 

Green  arc  330°C 

NOTE: 

Transient  limit  793°C  to  843°C  during  power  transients 

(6  sec.  max) 

Maximum  for  starting  793°C  to  927°C  (10  sec.  max) 

b.  Center  of  Gravity  Limitations  -  The  maximum  center  of  gravity 
limitations  are  shown  in  figure  1  (Incl  1). 

c.  Weight  Limitations  -  3200  pounds  maximum  gross  weight. 

d.  Vertical  Load  Factor  at  the  c.g.  -  The  maximum  load  factor  versus 
gross  weight  is  shown  in  figure  2  (Incl  2). 

c.  Airframe  and  engine  torque  and  output  shaft  (N2)  speed  limits 
are  shown  in  figure  3  (Incl  3). 

f.  Fatigue  lives  are  the  same  as  the  standard  OH-58A  except  for  the 
pylon  support  link  which  has  a  4800  hour  retirement  life  for  the  test 
configuration. 

g.  Ambient  operating  temperatures  shall  be  limited  to  100°F  due  to 
engine  compartment  cooling. 

h.  Special  Instructions 

(1)  Engine  starting  procedure  shall  be  the  same  as  that  for  the 
standard  0H-58A. 

(2)  During  low  power  descents  N2  speeds  up  to  106%  are  authorized; 
as  are  transient  N2  speeds  down  to  98%  upon  power  application  for  the  purpose 
of  evaluating  engine  governing  characteristics. 


-  max  (30  min.  limit  below  40°C 

O.A.T.  and  5  min.  limit  above 
40°C  O.A.T.) 

-  793°C  -  starting  and  transient 

-  737°C  continuous  oper. 


1 1  AuG  ‘k>.  '• 
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1  £  AUG  1971 


AMSAV-EF 

SUBJECT:  Safety  of  Flight  Release  for  USAAVSCOM/USAASTA 
Project  No.  71-24 

3.  This  safety  of  flight  release  applies  to  the  01I-58A/C20  resulting 
from  the  incorporation  of  the  BHC  retro-fit  kit  (P/N  206HA-108-1)  and 
the  Allison  C20  engine  in  accordance  with  the  retro-fit  kit  instructions. 

4.  Aircraft  Logbook  Entry: 

a.  In  accordance  with  the  provisions  of  TM  38-750,  the  following 
entries  will  be  made  on  the  DA  Form  2408-13  and  will  be  perpetuated  on 
each  form  during  the  period  of  the  test,  or  until  superseded  by 
another  safety  of  flight  release,  or  until  the  reason  for  limitation 
is  removed,  or  until  the  appropriate  -10  and  10CL  manuals  are  revised 
to  reflect  the  limitations  as  normal  procedure. 

(1)  Block  17,  "Test  Aircraft  -  Operate  within  limitations 
prescribed  in  the  inclosed  SOFR,  (date)". 

(2)  'Hie  above  entry  will  be  preceeded  by  the  entry  of  a  circled 
red  X  within  block  16,  and  block  7  adjusted  when  appropriate. 

b.  An  exact  copy  of  this  SOFR  will  be  inserted  into  the  aircraft 
logbook. 

FOR  THE  COMMANDER: 


3  Incl 
as 


Copy  furnished  : 
Commanding  General 
US  Army  Materiel  Command 
ATTN :  AMCRD-FQ 
AMCSF-A 
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OUTPUT  SHAFT  SPEED  LIMITS 


TORQUE 


LIMIT  JO  SEC  -.EMC. 


MAX  TRAN  SI  EPF 


-xMAX  ALLOW.  TORQUE -LIMIT  30/17 M-EPG 


COM  TlPUOUS  TORQE 11  Ml  T~  EMC. 


MAX.  ALLOW,  TORQUE- LIM.  S  /IIP.  AIRFRAME 


MAX  C OP TIPUO US  TORQUE  L1M. AIRFRAME 


IS  SEC  MAX.  [AIR PA  A  ME  ON  Li) 
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APPENDIX  C.  TEST  INSTRUMENTATION 


The  mstrument.ition  installed  for  this  test  is  listed  below 

Pilot  and  Liiginocr  Panel 

Airspeed  (boom  system) 

Altitude  (boom  system) 

Tree  air  temperature 
Kotor  speed 
I  n pine  torque  pressure 
I  ongitudiual  control  position 
Lateral  control  position 
Directional  control  position 
Collective  control  position 
l:uel-used  indicator 
Oscillograph  correlation  counter 

Oscillograph 

Throttle  position 

Kotor  speed 

Lupine  torque  pressure 

Collective  control  position 

Directional  control  position 

Yaw  attitude 

Yaw  rate 

Lateral  control  position 
Koll  attitude 
Koll  rate 

Longitudinal  control  position 
Pilch  attitude 
Pitch  rate 
I  npineer  event 
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APPENDIX  D.  TEST  DATA 


INDKX 


l*'i«gir<*  Figure  Niimhor 


I  lovorinj*  Performance .  I  anti  2 

Level  I  I ij^li t  Performance .  3  through  0 

Climb  Performance .  10 

Sideward  I  light  Characteristics  ...  . .  I  1 

I  rim  Control  Position  Characteristics  ...  ...  12  and  13 

Static  Longitudinal  Stability  ....  14 

Autorolational  I  ntry  Characteristics .  15  and  16 

I  ngine  Performance .  17  and  18 
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US  ARMY  AVIATION  SYSTEMS  COMMAND 

1  ATTN:  AMSAV-EF 

PO  BOX  209,  ST.  LOUIS,  MISSOURI  63166 

I  )  ABITRA 


The  United  States  Army  Aviation  Systems  Test  Activity  conducted  a  limited 
performance  and  handling  qualities  evaluation  of  the  Bell  Helicopter  Company 
model  011-58A  helicopter  with  an  Allison  250-C20  engine  installed.  The  evaluation 
was  conducted  at  Edwards  Air  Force  Base,  and  Bishop,  California,  during  the  penod 
22  September  1971  to  7  January  1972.  Twenty-five  flights,  21.2  productive  test 
hours,  were  required  for  the  evaluation.  Test  results  obtained  with  the  Allison 
250-C20  engine  were  compared  with  those  previously  obtained  with  the  standard 
T63-A-700  engine.  The  primary  performance  improvement  noted  was  an  increase 
in  out-of-ground-effect  hover  ceiling  at  a  3000-pound  gross  weight  to  10,000  feet 
from  4600  feet.  The  long-range  cruise  airspeed  was  increased  to  1  1 1  knots  true 
airspeed  from  104  knots  true  airspeed  at  a  5000-foot  density  altitude  and  a 
3000-pound  gross  weight.  The  increased  engine  power  did  not  significantly  increase 
the  service  ceiling  over  the  basic  OH-58A  at  identical  gross  weights.  One 
shortcoming,  insufficient  left  directional  control  at  35  knots  true  airspeed  in  right 
sideward  flight,  was  noted.  Within  the  scope  of  the  test,  the  performance  of  the 
OH-58A  helicopter  with  the  Allison  250-C20  engine  was  improved  over  the  basic 
011-58A  helicopter.  Handling  qualities  were  essentially  unchanged. 
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